A sensitive and selective high performance liquid chromatographic method coupled with DAD detection is presented for quality control of Radix Ilicis Pubescentis. By means of this analytical procedure the major individual constituents (ilexoside O, ilexgenin A, ilexsaponin A 1 , ilexsaponin B 1 , liriodendin and acanthoside B) could be quantified simultaneously. LC-ESI-MS was applied for identification of the six compounds in the plant by comparing their m/z value and retention times with those of selected standards. For quantitative analysis, the extraction procedure and the extraction solvent were optimized in order to ensure the exhaustive extraction of the plant material. The HPLC conditions were evaluated and optimized for the exact quantification of all six individual compounds. Chromatographic separation was carried out on a C 18 column using gradient elution with acetonitrile and 0.1% phosphoric acid as the mobile phase. Detection was carried out using a photodiode array detector. The calibration curves for determination of the six constituents showed good linearity over the investigated ranges (r 2 >0.999). Measurement of intra-day and inter-day variability (expressed as RSD value) was conducted to assess precisions of the method, and RSD (%) of intra-and inter-day variation were between 1.56-3.36% and 1.61-3.58%, respectively. The recoveries of the six compounds were between 96.4-102.2%, with RSD (%) values ranging from 1.7-3.8%. These validation results demonstrated the suitability of the method for the precise and accurate determination of the main constituents in Radix Ilicis Pubescentis. The method was successfully applied for quality evaluation of 12 batches of Radix Ilicis Pubescentis obtained from different regions of southern China. The contents of the six major constituents varied significantly due to their different origins, which can be used as an aid to assessing the quality of Radix Ilicis Pubescentis.
Radix Ilicis Pubescentis is the dried rhizome of Ilex pubescens Hook.et Am., which has been widely used in traditional Chinese medicine in southern China for the clinical treatment of coronary artery diseases, angina pectoris and angeitides [1] . Several classes of chemical constituents had been isolated and identified from the crude drug, such as triterpenoid saponins, lignanoids, flavonoids, phenols, coumarins and diterpenes [2a-2c] .
In our previous study [3a] , the main chemical constituents of Radix Ilicis Pubescentis were studied and actively screened, which showed that the triterpenoid saponins were the active compounds in the drug. However, to the best of our knowledge, the accurate and simultaneous quantification of Radix Ilicis Pubescentis' main constituents in a single chromatographic run has not been previously reported. The present reports are merely based on a single compound, namely either rutin [3b], neopubescensin [3c] or protocatechualdehyde [3d] , and the results cannot accurately reflect the quality of the material. Therefore, the analysis of multiple components simultaneously is necessary to ensure the efficacy, safety and batch-to-batch uniformity during its preparation and application in the clinic.
A study was undertaken with the aim of identifying and determining quantitatively the major compounds in Radix Ilicis Pubescentis. Triterpenoid saponins and lignanoid compounds 1-6 ( Figure 1) For the development of an analytical method, several variations to the mobile phase were undertaken and the optimum separation was achieved with acetonitrile (A) and 0.1% phosphoric acid (B) using the following gradient system: 0-5% B in 0-3 min; 5-10% B in 3 -5 min; 10-30% B in5-35 min; 30-40% B in 35-60 min; 40-60% B in 60 -70 min, and 60-90% B in 70-80 min; reequilibration time between individual runs was 10 min.
Different chromatographic columns were also investigated and the Lichrospher (Hanbon Science &. Technology Co., Ltd, China) C 18 column (250 ×4.6 mm i.d.; 5µm) was employed, which gave satisfactory resolution of the peaks. Different extraction conditions were also investigated, and the extraction efficiency found to be optimal with 10 mL methanol under ultrasonic conditions held for 40 min.
From the UV spectra o f each reference standard, 330 nm was selected for quantification of liriodendin and acanthoside B, whilst 210 nm was used for the other triterpenoid saponins (Table 1 ).
In order to improve the separation and identification of single compounds in Radix Ilicis Pubescentis, MS experiments were performed using an LC-MS system equipped with an ESI source and an ion trap analyzer. Total ion current profile operated in the positive mode, and mass spectra for the six compounds were obtained.
In the test solution, these compounds were identified by comparing retention times, UV spectra and m/z values in the total ion current chromatogram with those of the reference standards. Specific pseudomolecular ions for the six compounds were observed (Table 1) .
This method was validated according to the ICH guidelines on the validation of analytical methods. The calibration function for each of the six standards was In the regression equation y= ax+ b; y refers to the peak area, x to the concentration of analytes (μg mL -1 ), and r was the correlation coefficient of the equation.
investigated by injecting five different concentrations of reference solution, in duplicate. The concentration level, least square lines and the correlation coefficients were calculated ( Table 2 ). The significance of the slopes and the intercepts of the obtained functions were tested by means of Student's t-test. A good linearity (r 2 >0.999) was obtained and found suitable for determination of the six compounds within the ranges tested.
Limit of detection (LOD) was defined as the amount that could be detected at the signal-to-noise ratio of 3, and limit of quantification (LOQ) was defined as the amount that corresponded to a signal-to-noise ratio of 10. The LOD and LOQ for the six compounds are shown in Table 2 , which proved the method sensitive enough for the determination of the six constituents in Radix Ilicis Pubescentis. Measurement of intra-day and inter-day variability (expressed as the RSD value) was utilized to assess the precisions of the developed method for Radix Ilicis Pubescentis. As shown in Table  3 , the intra-day variability was between 1.56 to 3.36% and the inter-day variation between 1.61 to 3.58%. To determine recoveries of the method, a sample of Radix Ilicis Pubescentis was first analyzed in triplicate. Then appropriate quantities of the standard references, at three different levels (equivalent to 80, 100 and 120% of the contents of the six components) were added to the sample, which was then re-analyzed. The recoveries were calculated from the ratio of the measured and added amounts. Recoveries of the six constituents varied between 96.4 to 102.2%, with RSD (%) values ranging from 1.7 to 3.8% (n= 6) ( re-equilibration between individual runs was 10 mins. The flow rate was 1 mL min -1 and the column temperature was set at 30ºC. Data were acquired using ClassVP software (Shimadzu, Kyoto, Japan). HPLC-ESI-MS for qualitative analysis was performed by an Agilent 1100 series LC-MSD Trap SL mass spectrometer with an electrospray interface (ESI) (CA, USA). The MS was operated in the positive ion mode with a full scan mass spectrum over the m/z range 200~2000, using a cycle time of 1s, a capillary voltage of 2.5kV, a capillary exit voltage of 165V, a dry temperature of 325 o C, high purity nitrogen dry gas at 9.0 L min -1 , a nitrogen nebulizer pressure of 35.0 psi and a dwell time of 200 ms. For qualitative LC-ESI-MS analysis, the same gradient elution was performed on the same C 18 column, by using a mobile phase of A represented by water (+5mM ammonium acetate) and a mobile phase B represented by acetonitrile. MS were acquired and elaborated using the software provided by the manufacturer.
Calculation:
The percentage content (C s %) of the compound in the plant material was calculated using the regression equations in Table 2. 
